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-RACK ANDANASPECTRATIOOF101

ByArmandoE.LopezandJeraldK. Dickson
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An investigationhasbeenconductedinwhichupflowangleswere
measuredalongthehorizontalcenterlinesofthepropellerplanesofa
semispanmodelrepresentinga multienginedairplanewithtractorpropel-
lers.Thewinghad~“ of sweepback,an aspectratioof10,anda taper
ratioof0.4. TestswereconductedatReynoldsnumbersof2,k,6, and
8 milltonatlowMachnumbers,anda Reynoldsnumberof2 millionat
Machnumbersfrom0.25to0.92.

Inaddition,theupflowwasmeasuredwiththenacellealoneto
evaluatethetheoreticalmethodforpredictingtheupwashinducedbythe
nacelle.Thetestswiththenacellealonewereconductedata Remolds
numberof 4 millionata Machnumberof0.123,andata Reynoldsnumber
of 2 millionatMachnumbersfrom0.60to0.92.

TheresultsindicatethatforMachnumbersup to0.60theupwash
anglescanbepredictedaccuratelybytheavailabletheoreticalmethods.
AtMachnumbersabove0.60theexperimentalvalueswerelessthanthose
predictedbytheoryandthisdifferenceincreasedwithincreasingMach
number.

INTRODUCTION

associatedwithhigh-speedpropeller-drivenair-
aerodynamicloadswhichimposevtbratorystresses
a largeportionoftheseoscillatingaerodynamic

An important~roblem
planesistheoscillating
onthepropellers.Since
loadsresultfromnonuniformity-andangularityoftheflowenteringthe

‘SupersedesNACARMA53A30abyArmandoE.LopezandJeraldK. Dickson,
1953.
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2 NACATN 3675

propeIlerplane,studieshavebeendirectedtowardanunderstandingof
thefactorsaffectingtheair-streamcharacteristicsinthisregion.It
appears,onthebasisoftheinvestigationreportedinreference1,that
satisfactoryesttiatesofthefirst-ordervibratorystressesina pro-
pellercanbemadeiftheupflowanglesalongthehorizontalcenterline
ofthepropellerplanesareknown.Asidefromitsimportanceincon-
nectionwithpropellerstressproblems,knowledgeoftheseupflowangles
isalsousefulinestimatingthemagnitudeofthepropellernormalforce
inconnectionwithlongitudinal-stabili~analyses.Theinvestigations
reportedinreferences2,3,and4 haveproducedtheoreticalmethodsfor
pre@ctingtheseupflowangles.However,nopreviousexperimentalveri-
ficationisknownf?rMachnumbersabove0.20. .

TheinvestigationwasconductedintheAmes1.2-footpressurewind
tunneltomeasuretheupflowanglesalongthehorizontalcenterlines
ofthepropellerplanesofa modelrepresentinga multienginedlong-rsnge,
high-speedairplanethroughouta widerangeof subsonicMachnumbers,and
to cogparethemeasuredrateof changeofupwashanglewithangleof
attackwiththatpredictedbymethodsofreferences2,3,and4.
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upflowangle,angleoflocalflowatthehorizontalcenterlineof
thepropelZerplane,measuredwithrespecttothethrustaxisin
a planeparslleltotheplaneof symmetry,u + e + 7, deg

upflowsngleuncorrectedfortunnelinducedupwash,deg

mean-linedesignation,fractionofchordoverwhichdesignloadis
uniform

semispanofmodel,ft

localchordofwingparslleltoplaneof symmetry,ft

wingchordperpendiculartothereferencesweepline,ft

liftcoefficient,lift/qS

designsectionliftcoefficient

free-stresm

tiee-stream

.–

Ma&number

dynamicpressure,*PF, lb/sq ft
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Reynoldsnumberbasedonthemeanaerodynamicchordofthewing

propellerradius,ft

fractionofpropellerradius

spinnerradius,ft
(Seefigl(c).)

nacelleradius,ft
(Seefigl(c).)

areaofsemispanwing,sqft

maxtiumthictiessof section,ft

free-stresmvelocity,ft/sec

lateraldistancefromplaneof symmetry,ft

angleofattackofwingchordattheplaneof symmetry,deg

geometricsingleofattack,anglebetweentunnel-centerlineand
wingchordattheplaneofsymmetry,deg

nacelJ_einclination,anglebetweentherootchordandtheprojection
ofthethrustaxisontheplaneof s’ymmetry,positivenoseup,deg

angleofupwash,angleoflocalflowmeasuredwithrespecttothe
free-streamdirectionina planepmalleltotheplaneof symmetry,
deg

fractionof semispau

massdensityofairinfreestresm,slugs/cuft

angleofwingtwist(positiveforwashin)measuredina planeparal-
leltotheplaneof symmetry,deg

upwashparameter,rateof changeofupwash

MODELANDAPPARATUS

tithangleofattack

Thegeometryofthewind-tunnelmodelis showninfigure1 and
tableI. ‘Theselectionofthegeometricpropertiesandthedetailsof
constructionofthewing,fuselage,andupper-surfacefenceshavebeen
discussedinreference5. Thedetailsofthenacelleinstallationw5.U
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be ddscussedhereinonlyinsofarastheyareappropriateto theproblem
ofthepresentinvestigation.Inthisregard,theinclinationofthe
thrustaxis,withrespecttothewingchord,issm importantfactor
sinceitaffectstheupflowanglefora givenliftcoefficientsmdthus
theforcesexcitingthefirst-ordervibratorystressesinthepropeller. b.
By properselectionoftheangleofinclinationofthethrustaxiswith
respecttothetig chord,thepositiveupflowanglesinducedatthe
low-speedhigh-~oss-weightconditionresultinexcitationforcesequsL
inmagnitudetothoseresultingfromthenegativeupflowanglesatthe
high-speedlow-gross-weightconditio~(Seeref.2.)Forthespeedrange
of a modernhigh-performanceairplane,thisinclinationofthethrust
sxiswill.resultin aboutzeroexcitationforthedesigncruisecondition.

In accordancewiththetheoreticalmethoddescribedinappendixB
ofreference2,theinclinationofthenacelleswasselectedtoprovide
zeroupflowat.thedesigncruisecondition(CL= 0.40,M . 0.83).The
resultingnacellesm%ngementis showninfigurel(c).

Theupflowanglesatthehorizontalcenterlineofthepropeller
planesweremeasuredwitha 0.312-dismetercylindricalprobeshowninthe
schematicdiagrsmoffigure2. T“heprobehadsixpairsoforificesat
radiicorrespondingto40,70,smd95percentofthepropellerradius.
Theprobewasoperatedasa nullinstrument;thatis,theprobewas
rotatedaboutitsaxistothepositionwherethepressuresatthetwo
orificeswereequal.Theangularpositionoftheprobewasindicatedas
a counterreadingby theresponseofan instrumentreactingtothedis-
placementofthedifferentialtransformerattachedtotheprobeactuating
mechanism.Staticcalibrationoftheinstrumentindicatedthatthe
angulardisplacementoftheprobecouldbe determinedwithan accuracy
ofio.03°.

~ additiontothestaticcalibration,itwasnecessaryto establish
theangularpositionoftheprobeforzeroupflowangleofeachpairof
orifices.Thiswasaccomplishedwiththeprobeandspinnermountedina
uniformstreanat zerosingleofattack.Withthecounterreadingfor
zeroupflowanglethusestablished,thecounterreadingsforbalanced
pressuresacrosseachpairoforificesobtainedinthetestswiththe
probemountedonthecompletemodel(fig.3(a))andonthenacellealone
(fig.3(b)) could“beinterpretedintermsofupflowanglebymeansof
thestaticcalibration.

Theestimatedover-sll.laccuracyoftheupflowanglemeasurementsis
A0.2°forthetestsatthelowestdynamicpressureandN.l” atthe
highestdynamicpressure.

/
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NACATN 3675 5

CORRECTIONTODATA

CompleteModel

Thecorrectionstodatafortunnel-wallinterferenceresultingfrom
liftonthemodelwereevaluatedbythemethoddescribedinreference6.
Thecorrectedangleofattackwas

a = ag + 0.37’7CL

Thiscorrectiontotheangleofattack,whiahwasusedonlyforthelift
datayresentedh figure4,isbaseduponthetumnel-tiducedupwashat
thequarter-chordlineofthewing. Sincethetunneltiducedupwashat
thepropellerplaneswasnotequaltothatatthequarter-chordlineof
thewing,a correctiontothetotalupflowanglewascalculatedbythe
methoddescribedinreference6 andwasusedinthedatapresentedin
figures5 and6. Thecorrectiontothetotalupflowanglediffered
littleforeachpropellerplaneandwasessentiallyunaffectedby a
changeinMachnumber.Thecorrectedangleofupflowwas

A=& - 0.270CL

Whenthemeasuredangleofupflowiscorrectedfortunnel-inducedupwash
as isdoneherein,theangleofattackcorrespondingtothecorrected
angleofupflowisthegeometricangleofattackofthemodelinthe
tid tunnel.As a result,theanglesofattackidentifiedinfigure5
arenotthesameastheanglesofattackshowninfigure4,butthedata
ofbothfigureshavebeencorrectedto free-airconditionswithinthe
accuracyofthetheoreticalmethods.

ThedynamicpressureandtheMachnumberwerecorrectedforcon-
strictionduetothepresenceofthetunnelwalls
reference7. Thesecorrectionswerenotmodified
effectsof sweep.Thecorrectionstothedynamic
correspondingcorrectionstotheMachnumbersare
table:

bythemethodsof
to allowforthe
pressuresandthe
listedinthefollowing
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Corrected Uncorrected Qzrrected
Machnumber Machnumber uncorrected

0*123 0.123 1.005
.165 .165 .1.005
.25 .249 1.005
.60 .597 1.008
.80 .791 1.015
.86 .845 l.oa
.90 .877 I.027
.92 .893 1.032

Toprovtdeamindicationoftheinfluenceoftheprobeontheflow
aboutthemodel,themeasuredtotalliftonthemodelwiththeprobe
installed&Lternatel.yoneachnacellewascomparedwithsimilardata
obtainedforthemodelwiththeproberemoved.Theresultsofthese
forcemeasurementsarepresentedinfigure4. Itisindicatedthatthe
probecausednosigaificsntchangeinliftcoefficient.Sincethewing
contributiontoupwashangleisdeterminedbytheliftcoefficient,no
correctionfortheeffectsoftheprobewasconsiderednecessary.

IsolatedNacelle

ThedynamicpressureandtheMachnumber

J

>
forthetestsontheiso-

latednacefiewerealsocorrectedforconstrictiondueto thepresence
ofthetunnelwallsbythemethodofreference7. Thecorrectionsto
thedynamicpressuresandcorrespondingcorrectionstoMachnumberswere:

Corrected Uncorrected %orrected
Machnumber Machnumber uncorrected

0.123 0.123 1.001
.600 1.001
.700 :%9 1.002
.&oo .798 1.002
.860 .857 1.003
.900 .895 1.005
.920 .914 1.007

.

J

—-.—.
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DISC!USS1ON

7

Themeasuredupflowangleswithrespecttothethrustaxesat
various

By

anglesofattackofthemodelarepresentedinfigure5.

definitiontheupflowangleis
.

A= ct-te+7

Thenacelleinclinationwas-6.5°fortheinnernacellesnd-7.0°for
theouternacelle(fig.l(c)).By useofthesevalues,themeasured
upflowanglesshowninfigure5 maybeconvertedtoupwashangleswith
respecttothefree-streamdirectionforthecorrespondinganglesof
attack.Curvesoftheupwashsngleversussingleofattackwereessen-
tiallylineartitherangeofanglesforwhichtheliftcurveofthe
modelwaslinear.Itisapparentfromtheprecedingrelationshipthat
a satisfactorytheoreticalmethodforpredictingtherateofchangeof
upflowsinglewithsngleofattackwheretheliftcurveislinearisone
whichprovidesa satisfactoryestimateoftherateofchangeofupwash
anglewithangleofattack.‘Forconvenience,the
theoretical.sndexperimentalresultswillbemade

.. TheoreticalMethods

— —
correlationbetween
usingthisparsmeter.

Theinvestigationreportedinreference4 hasshownthata theoreti-<
calmethodinvolvingtheslgebraicadditionofthecontributionsofeach
component(wing,nacelles,sndfuse,lage)todeterminethetotalupwash
providesresultswhichareingoodagreementwithexperimentalresults
obtainedatlowMachnumbers.Thisprocedurewasretainedthroughout
thepresentanalyses.

Thecontributionofthewingalonewascalculatedbytwotheoretical
methods.Boththesemethodsarebaseduponlifting-linetheory;both
takeintoaccountthewingsweepsndincludea correctionfortheeffects
ofcompressibilitybythemethodoutlinedinreference2.

Thefirstmethodforcalculatingthecontributionofthewingto
theupwashisdescribedina~endixA ofreference2 smdh reference3.
~ reference2,a procedureisgivenforpredictingtheupwashaheadof
thewingintheextendedwing-chordplane.Thismethodisextendedin
reference3 topermitcomputationoftheupwashatpointsaboveorbel&
the

. for
extendedwing-chordplane,expressedasa percentageofthatpredicted
thecorrespondingpointintheextendedwing-chordplane.

—-.

_ . . . . ..— ——_ —— . . ——...—.——-— ..— — -
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Thesecondmethodforcomputingtheupwashduetothewingassumes
a finitenumberofelementalrectangularvorticesdistributedspanwise
alongthequarter-chordlineofthewing(ref.8). TheBiot-Savartlaw
wasemployedtodeterminetheupwashatthepropellerplaneduetoeach .

ofthevortices.

Thesetwomethodsproducedresultswhichdifferedbylessthanthe
experimentalaccuracy.By theuseofthesemethodstheupwashwascal-
culatedasa functionofliftcoefficient.Thecalculatedvalues
of ~~fiCLwerethenmultipliedby thelift-curveslopeto calculatethe
rateofchangeofupwashwithsngleof attack&/&h

Thecontributionofthenacellesandfuselagetotheupwashwere
calculatedbythetheoreticalmethoddescribedintheappendixofrefer-
ence4. Itwasassumedthatthenacellesandthefuselagewereinfinite
cylindersdownstreamoftheirmaximumthicknesses.Theupwashcontri-
butionsofthenacellesandfuselagewereconsideredtobe independent
ofMachnumber.

ComparisonofExperimentalandTheoretical.Results

Showninfigure6 aretheexperimentalandthetheoreticalspanwise
variationsoftheupwashparsmeter~@z ata fewselectedMachnumbers. “
Fromthedatashowninthisfigureitisevidentthatthetheoretical.
methodsaccuratelypredictedthespanwisevariationandthemagnitude
oftheupwashparsmeterforMachnumbersof0.60orless.Althoughthe
theorystiXlpredictedthespanwisevariationofupwashto a fairdegree
ofaccuracyatthehigherMachnumbers,itfailedtopredictthemagni-
tudecorrectly.

Upwashaheadoftheisolatednacelle.-Todeterminewhetherthe
failureofthetheoreticalmethodtopredicttheupwashatthehigher
Machnumberswasduetothedeficiencyofthetheoryaaappliedtothe
nacelleandthefuselage,theupflowanglesweremeasuredfortheiso-
latednacelle.Theresultsareshowninfigure7. Thesmallupflow
anglemeasuredat0° sngleofattackofthethrustaxisis assumedto
be causedbytheasymmetryofthenacelleaftofthepropellerplane.
Thesweptstrutwhichsupportedthenacell.e”wasfarenoughbehindthe
propellerplanesothat,theoretic~,itscontributiontotheupwash
wasinsignificant.Thisisconfirmedbythesymmetryofthemeasured
upflowoneithersideofthenacelle.

Figure8 showsthevariationwithMachnumberoftheupwashparam-
eter &/&z forthenacellealoneatthethreeradialstationscorre-
spondingtok-o-,70-,and95-percentpropellerradius.Itisevident .

–.—.— . .——— .— — —— . .
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thesedatathatthenacelle-inducedupwashisnotindependentof
numberasisassumedinthetheoreticalmethod.

9

EffectsofMachnumberonupwash.-ThevariationwithMachnumber
oftheupwashparameter&/& forthecompletemodelis shownin
figure9 forthestationscorrespondingto70percentofthepropefier
radius.Itisindicatedthatthedifferencebetweenexperimental.and
theoreticalvaluesatMachnumbersabove0.60increasedwithincreasing
Machnumberuntilata Machnumberof0.92thepredictedvalues
wereabouttwicethemeasuredvalues.

Figure9 alsoindicatesthatusingtheexperimentalvaluesofthe
nacelle-inducedupwaahinplaceofthetheoreticalvaluesmarkedly
reducedthedifferencebetweenthepredictedandmeasuredvaluesforthe
completemodel.Sincetheeffectofcompressibilityonthenacelle-
inducedupwashvariedwithradialdistancefromthethrustaxis(fig.8),
itwasnotconsideredfeasibleto attemptto applya correctiontothe
theoreticalvaluesofupwashatradialstationsotherthanthoseatwhich
experimentaldatawereavailable.Itisevident,however,frominspection
offigures6 and9 thata reductionwithincreasingMachnumberofthe
fuselage-inducedupwashattheinnerpropellerplaneandoftheupwash
inducedbytheinnernacelleattheouterpropellerplanewouldresult
incloser~eement betweenthemeasuredandcomputedupwashofthe
completemodel.

It shouldbenotedthatwhilethepredictedvsluesoftheupwash
parsmeterareabouttwiceasgreatastheexperimentalvaluesata Mach
numberof0.92,thetheoreticalvaluesoftherateofchangeoftheupflow
snglewiththeangleofattack&l/&x areonlyabout20or30percent
inexcessofthemeasuredvsl.ues.Thisresultsfromthefactthatthe
geometricangleofattackofthethrustaxisaccountsformorethan
three-quartersofthetotslupflowathighsubsonicMachnumbers.This
pointisemphasizedsincevibratorystressesona propellerarecomputed
onthebasisofthetotalupflowangle.

CONCLUDINGREMNNG

Thepresentinvestigationhasproducedexperimentaldataonthe
upwashatthepropelJerplsnesofa four-enginetractorairplaneconfigu-
rationwitha ~“ swept-backwingfora rangeofMachnumbersup to0.92.
Comparisonsoftherateofchangeofupwashsnglewithangleof attack
bytheuseoftheavailabletheoreticalmethodswiththosem~asuredin
thewindtunnelindicatedgood~eement up toa Machnumberof0.60.
AthigherMachnumbers,thepredictedvaluesexceededtheexperhnental
vsluesby ansmountwhichincreasedwithincreasingMachnumber.

— ..—..—. —...—— ——.-— — ——__ .—— ..__. .
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It isevidentthatthisdiscrepancybetweentheexperimentaland o
theoreticalresultsisdue,atleastinpart,tothefailureofthe
theoreticalmethodsto accountproperlyfortheeffectsof compressibility
ontheupwashinducedbythenacelleandfuselage. .

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettTield,Cal-if.,Jan.30,1953
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TABLEI.-GEOMETRICPROPERTIESOFTHEMODEL

Wing (Referencesweepline: Quarterchordofthesectionsinclined
~“ to theplaneof symmetry)

Aspectratio. . . . . . . . . . . . . . . . . . . . . . . . 10.(
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . ().)
Sweepback. . . . . . . . . . . . . . . . . . . . . . . . . 40(
Twist(washoutattip). . . . . . . .’.. . . . . . . . . . 5(
Referenceeections(normaltoreferencesweepline)

Root. . . .% . . . . . . . NMA 0014,a=o.8(modified)cZi= O.)

Tip . . . . . . . ● . . . . NACA0011,a==.8(modified)CZ = O.)
i

“Area(semispanmodel). . . . . . . . . . . . . . . . . 6.9& ft:
Meanareodynamicchord.. . . . . . . . . . . . . . . . 1.251fi

Nacelles

Inclinationwithrespecttorootchordreferenceplane
Innernacelle. . . . . . . . . . . . . . . . . . . . . . . -6.5(
Outernacell.e. . . . . . . . . . . . . . . . . . . . . . . -T*O(
Coordinates. . . . . . . . . . . . . . . . . . . . . Seefig.1(c1

Propeller

Radius-.. . . . . . . . . . .. . ... . . . . . . . i . . . .7ti, .

——.— —.. –.—..—.—— .—. — .— —. ——— —



X2 NACAm 3675 ,

!T!ABJJZI.-CONCLUDED

Fuselage

Finenessratio. . . . . . . . . . . . . . . . . . . . . . .. I-2.[
Fuselagecoordinates:

Distsncefrom Rsiiius
nose,inches inches

o 0
1.27 1.04
2“54 1.57
5.08 2.35
10.16 3.36
20.31 .
30.47 ;::
39.44 5.00
70.00 5.00
76.00 4.96
82.00 4.83
88.00 4.61
94.00 4.27
100.00 3*77
106.00 3.04
126.00 0

.
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Reversing motor
and gear reducer

Figure 2.- Schematic drawing of the probe assembly. A-17548 s
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